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A B S T R A C T
Naturally, biodegradable oil has better viscosity index, pour point, ﬂash point, good tribology properties and its
environmental friendly. Even though biodegradable lubricant is one of the best choice for lubrication purposes,
however the properties are slightly lesser than mineral oil. A common solution for this problem is to provide
eﬀective additives into the base stock of biodegradable oil which leads to signiﬁcant improvement to the lu-
bricant by enhancing thermal properties, tribological properties and anti-oxidation capability. Nanoparticles are
a type of eﬀective additives which provides promising approach to enhance the biodegradable lubricant's
properties. In this article, we reviewed the current progress and recently published data related to biodegradable
lubricant, nanoparticles and its improvement on the biodegradable lubricant properties.
1. Introduction
In recent days, environmental health aspects and increase in pol-
lution have become each and every nation issue to provide better sus-
tainable development for the public. In equipment lubrication sector,
the main concern is the loss of lubricants into the environment. Soil and
water is directly aﬀected by lubricant system failure whereas the air is
polluted by volatile lubricants. Due to increase in environmental
awareness, it has become driving force for technology improvement on
lubrication. Thus, implementation of biodegradable lubricants has ex-
tensively used in environmental sensitive areas [1,2]. Many researchers
have also stressed the need of biodegradable lubricants to replace the
conventional mineral oils lubricants [3–5]. Other than non-toxic char-
acteristic of biodegradable oils, they have very low volatility due to
high molecular weight of triglyceride molecule. However, the biggest
challenge of development of biodegradable base stock as new genera-
tion lubricant is the capability to perform better properties than mineral
oils. Among the main disadvantages of bio lubricants are poor oxidative
stability, high pour point and high coeﬃcient of friction at elevated
temperature [6–8].
In early days, vegetable oils have been used extensively as lubricant
in machinery and transportation vehicles until the discovery of petro-
leum. Since the petroleum exhibits better performance and cheap in
cost, it has taken over the lubrication sector. Recently, the legal issue
and ﬂuctuation price of crude petroleum oil has provided better scope
for vegetable oil as lubrication. Due to this, it can increase markets for
uncommon seeds and its oil which could increase farmer incomes and
maximize application of agriculture products [9]. The vegetable oil
based lubricants have its own merits and demerits. It has all the qua-
liﬁcation as lubricants with its outstanding physical properties but poor
thermo-oxidation property which has caused restriction for vegetable
oil as lubricant at elevated temperatures [10].
Most of the research for the vegetable oil lubricant has been con-
ducted to improve the thermo-oxidation property to ensure equivalent
properties compared to petroleum based lubricant, for example, re-
search on rapeseed oil [11,12], coconut oil [13,14], jojoba oil [15],
Pongamia oil [16], soybean oil [17,18] and sunﬂower oil [19].
In recent decade, there has been attention for the use of nano-
particles in many types of base ﬂuid [20–23]. For example, dispersion
of nanoparticles in water could enhance the thermal conductivity and
proven as an excellent heat transfer ﬂuid, especially for solar collector
application [21,24]. Nanocoolant, dispersion of nanomaterials in tra-
ditional coolant (water/ethylene glycol, etc), has been considered in
real applications since early 2000s. Peyghambarzadeh et al. [25] used
Al2O3–water nanoﬂuids in car radiator to determine the tube side heat
transfer coeﬃcient. The heat transfer enhancement was found to be
45% higher compared to pure water for turbulent ﬂow condition. In
another study, Lee [26] numerically investigated the heat transfer in a
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